The conversion efficiency of lead has been measured as a function of thickness for 44 MeV, 94 MeV and 177 MeV photons, and as a function of energy between 29 MeV and 177 MeV for thickness of one and two radiation lengths. Some additional information on multiplicity of secondary tracks and on their angular distribution was obtained using a small streamer chamber. The results obtained confirm the shower calculations of Messel and Crawford.
Introduction
A knowledge of the interactions of photons in various materials is frequently necessary for the design of experimental equipment and for the analysis of experimental data. For most design applications very general considerations such as those given by Rossi ~) suffice. Sometimes it is possible to make direct calibration measurements for the analysis of data taken with specific equipment. More commonly, however, one has to rely on detailed shower calculations either used in an absolute fashion or used to extrapolate from established experimental results. One of the most detailed and best documented calculations is that of Messel and Crawford2). However, published experimental data for testing the predictions are extremely few. It is in this context that we present some results that we have obtained in the course of developing the streamer chamber experiment at the CERN ISR3).
The measurements were designed to obtain data at photon energies below 200 MeV and for secondary electron energies down to zero, i.e. in circumstances where the shower calculations are expected to be least reliable. Nevertheless, it was found that the results of Messel and Crawford were very satisfactory, provided that reasonable extrapolations to extend the predictions down to zero energy secondaries were made.
Photon beam
A tagged photon beam developed at the CERN Synchro-cyclotron by the Lausanne-Munich group 4) was used for the measurements. A sketch of the layout is shown in fig. 1 , where C1, C2, C3, and (24 are plastic scintillators typically 2 mm thick, while M1 and Mz are bending magnets. Positrons of momentum 240 MeV/c were selected by means of time of flight between C1 and C 2 and by the magnet M~, and allowed to produce photons by bremsstrahlung in a thin copper radiator (approximately 0.02 radiation lengths). The resulting photons were tagged and their energy defined by measuring the residual positron energy using the magnet M2 and the trajectory C2, C3, C4. A final identification of the positron was made using a gas Cherenkov detector; this was not essential, but it proved convenient in setting up the beam and in testing the system. The size of the photon beam spot was determined using lead plates 5 mm thick with various size holes cut in them. These plates were placed in front of a large plastic scintillation detector and the counting rates determined. A typical measurement showed that 85% of the photons passed through a 10 cm x 10 cm area, while 99% passed through a 15 cmx 15 cm area.
The tagging efficiency was determined using a large NaI(T1) detector 27 cm in diameter, 33 cm long. The efficiency of this detector was verified to be 100% for electrons and it was therefore assumed to be 100% for photons. By using this detector we found that a trigger was associated with a photon between 90% and 97%
~T + ~+ e + of the time, depending on the photon energy between 29 MeV and 198 MeV. The detector also provided a 08 measure of the photon energy independent of that calculated from the magnet setting and a measure of o.r the photon energy spread independent of that calculated from the sizes of the various scintillators and ~" o6 multiple scattering effects. The mean energy of the 2--o5! photon beam was determined to an accuracy of ~= o _+4 MeV at each energy and the energy spread was ~ o4 19 MeV fwhm at all energies.
~, o3
Scintillation counter measurements
Conversion efficiencies were measured using scintillation detectors in a "good geometry" arrangement. The photon beam, area less than 15 cm x 15 cm, struck a lead plate of the desired thickness and area 20 cm x x 20 cm, immediately followed by a large plastic scintillation detector 28 cm x 40 cm and 5 mm thick. An event was counted as a conversion if more than 60 keV was deposited in the scintillator. The energy spectrum in the scintillator showed characteristic peaks corresponding to production of one, two, or three secondary electrons. Corrections were made for the measured conversion efficiency of the scintillator itself. Fig. 2 shows the conversion efficiency measured as a function of the thickness of lead, for three different photon energies. This is the most important result to be presented in this paper. The systematic errors in the measurement are believed to be less than -+_0. are smooth curves drawn through the data, and are not theoretical. Fig. 3 shows the conversion efficiency measured as a function of energy for thicknesses of 5 mm and 10 mm of lead. These thicknesses correspond to 1 radiation length and 2 radiation lengths, according to the definition of Messel and Crawford2). It should be noted that according to them 1 radiation length of lead is 5.82 g/cm 2 or 5.13 ram, which is different from the value of 6.4 g/cm 2 or 5.6 mm given in the Particle Properties pocket-bookS). The cross-hatched zones in fig. 3 represent the results of Messel and Crawford 1) extrapolated from the calculated values for secondary electrons above 10 MeV down to the experimental threshold which is effectively zero. The width of the zones represents the uncertainty in the extrapolation which is as large as 0.10 in conversion efficiency and is greatest at low photon energies and for larger thicknesses of lead.
It is concluded from these comparisons that the calculations of Messel and Crawford predict the experimental results within the measurement error and the extrapolation uncertainty.
Streamer chamber measurements
]n order to obtain additional information on the secondary electrons from converted photons, a limited number of photographs was taken using a small streamer chamber. The photographs were obtained in two-dimensional stereo, viewed perpendicular and parallel to the photon direction. No ambiguities of significance were encountered in interpreting the photographs.
Most of the photographs were of conversions in slabs of lead-oxide-araldite mixture used in the ISR streamer chamber3). However, a few measurements were made with 10 mm Pb. The conclusions from the streamer chamber photographs, all of which were triggered by the signal from a 2 mm plastic scintillation detector directly before the chamber, are:
1) A small proportion of the photographs was blank. This effect is certainly not due to lack of efficiency of the streamer chamber, and it is attributed tentatively to back scattering in the trigger scintillator. 
